Analyzing the Hypervolume of Plant Functional Traits in the
Sierra Nevada Mountain Range
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Objectives

Airborne Remote Sensing Data

Remote sensing data can provide valuable insight about changing
ecosystems. Particularly, I worked with LiDAR (light detection and
ranging) data to study plant functional traits in the Sierra Nevada
Mountain Range. Plant functional traits, such as those in Figure 2,
provide ecosystem services and are used to understand patterns of
diversity, water regulation, climate change, among other things. The
main goal of this project was to work on a preliminary dataset to
provide an analog data set for future satellite missions to monitor
biodiversity. Specifically, the goals were to understand the relationship
among different plant functional traits in this region and to conduct
field work to validate pre-existing remote sensing data.

Methods
Study area

Results & Discussion

1. Download trait data as a raster brick in R, using the
“raster” package.
2. Use “aggregate” function in R to make the resolutions in
each layer (which represent traits) the same.
3. Convert data to longitude and latitude.
4. Make the raster object into a data frame in order to
compute a hypervolume.
5. Remove the cells with no values (i.e. cells with no data).
6. Use the “hypervolume” package in R to compute
hypervolume.
7. Use Gaussian kernel density estimation. This particular
statistical method is quicker than others, and the
probability density goes toward zero in finite distances,
which is useful when establishing parameters.

The study area encompasses an area in the Sierra Nevada Mountains in
California. The area has a Mediterranean climate with elevations
ranging from 1000m to 2500m.

Figure 4. Hypervolume of three traits from the Sierra Nevada Mountain
region — plant area index, foliage height diversity, and canopy height. The
lighter red line represents the outline of the convex hull, and the darker red is
the set of points within the space.

Figure 1. Map of study area, created with R and Google Earth.

Trait Data
Plant area index
Foliage height diversity
Relative height – 25th percentile

Figure 3. Three-dimensional hypervolume of canopy height at the 50 th, 75th,
and 99th percentiles in the Sierra Nevada Mountain Range.

Relative height – 50th percentile
Relative height – 75th percentile
Canopy height
Canopy ratio (crown height / canopy
height)
Coefficient of variation (vertical
distribution)
Skewness (vertical distribution)
Kurtosis (vertical distribution)
Leaf mass per area (LMA)
Leaf nitrogen content
Acid-digestible lignin (ADL)

Figure 2. Table of
trait data derived
from LiDAR.
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A hypervolume is the volume that encompasses a niche based
on biologically relevant axes. It is useful in understanding the
relationship among different traits and for computing the
parameters of complex niches, of which most ecosystems are.
Figure 4 represents the hypervolume of three traits from the
study area. The three traits in Figure 4 give information about
the structure of an ecosystem, specifically canopy structure and
the amount of light that can enter the system. Changes in these
traits affect how plants can use the sun’s energy and, thus,
ecosystem productivity.
Small, compact hypervolumes show that the traits occupy a
select niche. In Figure 4, for example, the top left hypervolume,
which is plant area index versus foliage height diversity, is less
closely related than the bottom right, foliage height diversity
versus canopy height, which occupy a more uniform space in the
ecosystem.
Figure 3 is a three-dimensional hypervolume, which shows
what could be done when combining several different
two-dimensional hypervolumes. This could be particularly useful
for future analyses done on biodiversity remote sensing
campaigns.

